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Abstract 



PROBLEM TO BE SOLVED: To provide a nitride semiconductor light-emitting element, the emitted- light 
output power and electrostatic withstand voltage of which can be increased in order to expand the range of 
application to various products, and also to obtain light-emitting elements of various luminescent colors. 
SOLUTION: This nitride semiconductor light-emitting element comprises an n-side nitride semiconductor 
layer, an active layer, and a p-nitride semiconductor layer. The active layer has a multiple quantum well 
structure composed of InaGal-aN (0<=a<1). The n-nitride semiconductor layer consists of an n-first multiple 
film layer formed by stacking two kinds of nitride semiconductor layer which are doped with n-type impurities 
of different concentrations and have different bandgap energies, or doped with n-type impurities of different 
concentrations and have same composition, and an n-type second multiple film layer formed by stacking a 
first nitride semiconductor layer containing In and a second nitride semiconductor layer having composition 
that is different from that of the first nitride semiconductor layer and positioned between the n-side first 
multiple film layer and the active layer. The n-second multiple film layer is a photoluminescence layer, which 
absorbs the light from the active layer and emits light at a wavelength which is different from that of the 
former. 
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(£2 0 0 0~~3 0 0 0A-C£>4. 2££JfBfeD#M«(i 
50 0AOT, ffSL<li2 0 0A«T. iOffiK 
til 0 OAJSTCftO. !MtoTRBtt«rfcE5£Sft.$rV* 
lM^JfllLLT'&fUfiv^ lOAJjUbWffiL 

[0031] jaJbfWBUt, »7i* 

2WaJiLh«0Ji*»fe*4n«JBl*JIJBJi5«« nffllln 
V?9 hJi**fa5£fcj&*TS4. ZCOi§&. nfflOSIl 



&mm®5(7>mmte. o. 5~4jum. #*l<(±i~ 

3//m. i9#4L.<f£2-2. 8junTC*.&. 
^>n«Bl ^JIJKJI 5 WKJgJi . ±SWJ?% <bi>2 

wmi.nmtt.wmftmiz x 9 mm § ft 4 . ; <o%£- 

OnfflflJB 1 ^SlgUf 5 *«W«-4«.lU»i. JJBKHtf) 

mmi±<?)m.{m*mmzj: 9 mm lx t, «t v \ 

[0032]<j;{:, *fKHfc*s^T. nffllSB2£JI§yi 
6 « . InJ *tf IS 1 <0Sftft¥3ftJf i: . *-<Z>J|S 1 <D 
Hft»¥»*Wi i: 5W: 4 «BJ***^-4 » 2 cOg-fk%*« 

<7)^< i: t-^TWMJf *>' 1 0 0 AJaTTft 4. $f£ L- 
< tiff 1 *>Mfc¥«fldBfc J:Z^2ttMftW¥*fM 
^S^TSr 1 0 0 AJMT. ^ ^>t=»4 L < « 7 0 AJTF, 
fii^L<(i5 0AKTt:t5. iOidfcBWSJf 

s>4„ zzx\ m^nm-mizmmmt. ±iEn«»2 
zmmmt fritz f&t&jj&totL. m% 

ftW± ( V f ) tf&TLftt LV^. Cl^Siti^TfS 

=5rv^, nfflJSI2^Mii±t^$^4vS14il^ B 3 B 

tt*«JI» t % 4 t <>fi4 . 
[003 3]»l«lft*mWElttI n k G ai . k N 
(0<k<l ) t S2^)gfl:W^#iliI n m G 

ai-,N (0Sm<L m<k) , »4L<«GaNt 

-T4^i:^gt»4Lv\ 

[0034] traE^ioaflsft^fwiifeJi 

^«c/iPI±-C5V>tc^oTt>. H-TfciV». £ 

tz. mmtf&m-t&mm±X'^i,zm%&bte.. min 

* ( » 1 wftt^fti ) s:^7t*s 1 <n<mm¥m 
vm (SB2<oafls» i m»«f«> ojpjp^5vhcm^4^ 

kS:Si»-t4. 

[ 0 0 3 5 ] £ ItTfiff 1 OfiftW^miWMI. 

±t'av^S^4^t* i 'if4Lv^ ^wcikti, Sico 
S Lfz^JSmmZBtfL Ltii§r&lZ , IB 2 <D%ki\LW£&W 

m ( ib i osMk*¥*(wi ) /W** i ^aflafcifw 
*a ( ib 2 nmim*m&m > <on i^Tc^oa^jt^ 

[003 6] nmm2^mmmeit. &®mbvmLx 
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[00 37] nmm2^mmm6comi(omim 
¥mikm<7>\ ^**-jt: . n spri©!*** k-t$ tix 

So SrfcnSTOM&k LT(i, Si. Ge, Sn, S3$ 
OIVJJL VI»Sc*£#il,<aHRU S6C#4L<ti 

7hL£ftiJDt9a^k#*]lgk&9. 

fck*r»K Zcommizte^x . ttf>k$r*. 

[0039] *3t. mi<7)Wimimftm&£vm2cr> 

x 1 0 21 /cm3J^T. SiKlilxl 0"/<rfJ2TFi= 
PS-TS. 5xlO J1 /c#J:0t#v^Iffl^ft 

[ o o 4 o ] 0 i kr^-r J: a ic. 7 zm&xT® 
t,zhh nwtfflfo*m&m\iz^ i n z-ttsm i oshh* 

¥3SttJI k . Zcom 1 ^SMfcflMfyifMI k 

W-T C » 2 oaftft^Wl k $ tc£ n fflJSI 2 # 

JMB«6£*LTH4. n«flS2*«BJi6fci3Vvc % 

m i m 2 p>mm*mfcm\±*ix? 

<(43*JJLb, £&fc#iL<J±*;h.^iT*Kr<kk2 
ATCLbWI L-S-f+T'4 eULhSJl-rS £ k L v>. 
n|©2#llSf6 Jf fc« L X m&L £ fit V i * *§ 
l=S\ SSttJiO*fij^)Ji (#F«. ^L<(i:l$SB) kg 
^--i. f^mWMMSi 1 W»fl:»¥aMWi-C i . S 2 oaffc; 
WIHMWVvffi-ckfK. n0gSS2£«JglS6O«JI 
WWiWtcradt><OTl±*Vi. **J» Hl-W±n«gi2 

^mmme^K mumnzmLxBj&ztix^&tf. z 
<?>nmm2&mmm6tm&mt<7)mz. m<?> nmm.it 

&mwm*mm-hWii<r>mfcwmfcmt.t:\i&2<?) 
m&B*mwm<r)&+j:< t i>~irnmwz i o o ah 



T. »4L<{470AUIT. J: L<(± 5 0 A&T 

tSft^A <=5r0. **>±tcswrf- S m 1 . * L < ttjg 2 

i& B B B tt#JK&S*:*'>. «^aj*36*Hd±-f 4. 
[ 0 0 4 1 ] * 1 oa-fcftN^ttflfi I n £-£trSHM*j 

iff* t<(437C^ B B B OI n k Ga,. k N (0<k 
<1) kU $^»tc*F^L<(ik<1^0. 5OT«ln 
k Ga,. k N. L<tikffi#0. 2JMT^In k 

G ai . k NJ:tJ. JS2<3SfcSMNMMBi*l 

<?>mm*mw-m t mawmz h mm^mwx-htod. 

&fcRB5gL=5:V>a* s *&fie^avtfS2«>S{Hli¥ 
i«c^)SI§tSft»Clt Stl 1 *>Bfl3ftMNW*c<i: 0 1 
-/ rx^-^* v i> 2 7nift B B B ?> S v ^{i 3 

^«#kffi^0. 5H7WI nkGa^NT* 1 ). 
2 ^S^fe^^Ji^G a N k *>«*^*rti-C* •?> . 

[oo42]mifccty«2 cDmitmmfamcomm * 

fftt<li;7 0AHT. J:*)Jff4U<« 

5 o ajsitk-*-*. #-a-fb^^f*a<7)K/f 1 1 o o 

AmTk-rSdktciO, fifla»4MW**-*^)WttB 
#«IWaT k =3r 0 , KTfigftS * 4«^CJtK LTIS 

oAjaTfc-rsittcJi^T. nmm2^mmm6^m 
mo±izm&mztfL&zit2>t. nmm2$mmm6tf 

A*7 7rlOJ:5 Wtm* LX , vS14»*^B B B tt <t < « 
[00431 S SSI. *^««rEjB2oaft 

a tc-rs ; k L^o «itf S 1 ^S-fMWaStt/i 
*I nGaNtU * 2 <0ffiflS»3mWWi * G a N k t 
7t^-. GaNlhGaNltW^I nGaNM 

js*. -sit® izm&t &i,z®L^x xmizB < l^o. * 
rcm<Lfc*)-t^zti l zx*}. zmmmftmzty^xm 

7ta^^#^*^^^-rsc7)k fii bttz> . 
[0044] *i. 4fc««raas2o«fl:*iN» 

*fe{±»2<0Hfl:ftimifWi«0BI-iiifii7aR 

tf , n-i i \wtm(7>mmM±x'm^zm^^h t . 

Stl^SMkftilMifWI*! nGaNtU *2«oaft«J 
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f^OI nGaNS^I njfflj££vSttai~fgjfi-r&Kfi:-? 

[oo45]^iijj;yig2 <nmtm*mfomiimii t 

tlX^X fc£V*U t7tV>f ix^^rt^ft^'H-T 

-r^*t*?4L<. mz^mv-y, ^mzmifv 
-7°cr>mx°foZ>. ftlsffi-JjlznWPFffifoZV-y'-t&iS) 

[0046] *%mzt3^X . ^*i^#F«3t^vS14 
<li, In a Ga,. a N (0ga<l)t«ft. n 

Jl<7>¥ffi1©rt*« < 2r 0 if 4 L I \ vSttJl 7 £ n 

mfi/xtepmfmazv-TLx&xw issue 7 1 

nSPFtttt* F-T-fS kT V F-TOiiMZit^X^ 

7(CpS^M^^ F-T-f & kA>-KiUfBfr9e-?i& 
HJ: 0 ti^O . 5 e VffiV^X*/^-ffl£b°-?fcf|£ 

i sf<7) nlH-AV h * i> H -rtt^Sr nMk -TS 
^k#*?4Uv mg' B &cr>J:\,^&m£&L£k2-£Z>lz 

[0047] gttS 7 cDPtMS k #F« k CD««)IIJi, 

mmx-mht, £timmmfrt>mmLx#pmx'mhi 

Xi>&\<\ RWMcDMS-b LXli 10 0 AJiTF. #4L 
<li7 0 AOT. £ ^.lc»4 L < i± 5 0 AOT^MS-r 

^F-«J3l±. *?4L<(il 0 AJiLhT£>& . #Fa# 1 0 
OAiOi/l^k. tt5^* i (ftJ±LCC<V^^(^^„ - 
7f, PtMa<0/P£ii20 00AWT. *?4L<«5 0 0 
AWT. ctO»4t<(i3 0 0AOTlcPS-r§. PtS 
a^ffiJ¥o±l&{i!|tfcEg5g$ft&v^\ 1M^SW±. 
#4L<(21 0AJ2LkT-J>&. ^eS^*±IEffiHT-S>l. 
fctfi^j^r&j_bU^<*f^ Uv>. 4?t s te&ai-kftcom 



[0048] *mHz&\,*X. Pffl!l^7 /b'a8«i. A 

^-<n>bz%i$4<nmfcwmfcmtt>mmztix . s 

Wip3PTO»**ir$"*Al b Ga 1 . b N (OSbS 
1 ) a»fcfc4J|Hrc**. 4i\ pM???KJ18# 

^mmmm. mm-mm) tt-r&pw&mmryvv 
m^^iz^xaTizmm-^ . pfls^asi? 5 -y h 

m<^W9-ii. 10 0AWT> S<9{c»4L<J47 0Al2l 
T. ftiff^Klil 0~4 0AcD!SiPtPSSn. fR 

3 gtfu^igttJi k ss 4 oa<bfe¥»*a k vmmt . 
wmx-bht. mitm^tenw&m-mimTb* 

<%&cr>x\ vmpmrnzmaLizHfett+vTrnx 

i ^rt Lxmm®mm Lx&m&mz&m- 
h> zlx. p m&mm? yy^ms com^m<Dmm 

•y HJB80««IWi. WtBB«S*t=arV^. 20 00A 
iiiT. tt£L<l±l 0 0 0AOT, cfc0»4 K145 0 

o aott'S) o . mmmtfz cosmxh h t z&t&Titf 

imXftWB (Vf ) «TL^l,v^ ^3c7>a 

it<liAl n Ga,. n N (0<nSl ) Zm&Zit&Z 
t ^*S4 L < . ^4 ^M^*»*(i*4 L < (i A 1 p 
Ga 1 . t N(0Sp<l > n>p). In r Ga,. r N 
( 0 ^ r S 1 ) C7)X a ! Sr27Cffl*» 37caAofflfl:il»¥ 

LVf ^T-TSffll*!* 4 ** . 

[0049] pffl&mmfjvvmanpWJmm&g. 
izt5\,->x. m3v>mfcmm#mtm4<7>mitwmfc 
mt<Dpw^mmmtm%&%&tz^xaTizm 
■t. p m&mm? y yvmsoms cr>m\LW=mw-m t 
m 4 cr>m.im^-mwm tcop w^mmmim* •? . - 

J**/Jv5 <-*-*. nI^5 7PIl 2k|S|«tC. 
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[0050H3 oMfl:$i¥&ffcS-^>#4 f* -y 

Mb LXitlx 1 0 18 /cm3~l x 1 0 21 /cm3, £ £fc 
»* L<i21 X 1 0 19 /cnP — 5X 1 0*«/c«8<Z>tEHC 
WStt&. lxiO'VetfJ:^^^, RfltteJS 

y raises v &*u=< t^c* o . * 1 

xio !1 /c#J:n^^, l£Att*9i<*4«|fiit: 

(il/1 0ULt^£v^T#M4Uv L< (27* 

piPfiKfttf* 0 . *<y)4li lxi Oio/cwP&CFim 
£ LV">„ ^H^7 rx*A^f — jW; § v ^ 3 

fcpSRRWIlS#<H-7T4«^tH»T**. pI 
HAUL IIB8Stc*£SIJRU &£L<liMg. Caf 

[0051] $ t>iz£te&m&izmf&-t&mim*&fc 

[0 0 5 2] ifcpfi^«B?5-yKJi8tf>»3<0SHl: 
R-tf>*£{i . ±E» 3 t m 4 cDSlt»*«fc«<0 p M 

s ^c7)m 3 cr>m^m^mnnm<r> p m 
a k p a^M^?iijg* { i5i— rsb 4 1 . ±ME$mdmx& 

[0 0 5 3] pH?5 7KS8^ pI^MSJ 

**A l b G ai . b N (OSbSl) ±9*4*— Ji0»6 
*4%£. pM*HR^?7Fi8«l!J»i. 2 0 00 
AWT. #4 t < ti 1 0 0 0 AfcAT-C* 0 , J; 9*?4 L 
<lt 500-100 AfilTT$>4 . BW^JJfflBHT* 
4k. £Bfcfcb7J**ft±U VfilTUffiU^ PfflU 
*— K?5-y KJi8«0fflj«HU Al b Ga,. b N (OSb 
S 1 ) T"£>4. J*HRJiC0?9-y HJiti, BUlB^- 

JfffiafiScOpffll? 5 -y K«KJ£^. ShfMBiJ***** fc 

ow. Btrism i co^mmmA b com^h-tizx k> . 



iMmb%*). mm.-tZ>%r£lZtt£L\,\ Pii-i7 
5-y HiI8c7)pST^!|%^lg«<il x 1 0 18 — 1 x 1 0 
"/cm 3 . if£L<U:5X 1 0 18 — 5X 1 0 2 °/cm 3 . J; 
9*f£L<J25x l 0 19 -1 x l 0"/crfT**. T 
«*«K3& t JjaBfflT* 4 k . * p SK*«^# if 4 

[0 0 54] iWC. *5HBt*JV^T. MgK-Tpffl!|G 
aNny?? hJf 9i£. -e<03fij££ In, Al £-£4* 
^Il7SBfl^SfMWM**fc'$-S. RCIn. Al^ 
WLTt^4k. P^Effil ObX-Svfmmtfftbtl* 

ifti 0. 001—0. 5^m, MKIiO. 01 — 
0. 3junu J: <0lfr£ L<120. 05 — 0. 2umX'$> 
4„ imtfO. OOl^miHI^tpIGaAlN 

kUffIL(C<V\ H7Cii B B B <7)GaA 1 

hmzmm-rztt. mtzz<ommzo. s^miot 

k. ^ B a »S^7 4 -y b^i^tS^XPi^'P 
<!GaN3y^^hJI9 L^T< . ^ B e B tt^'ffi 

k'V f S:®TS-€yl*a*^^±§^4 £ fc 4 . 
47t. ^pIGaNay^? hJ19^pMTM^(iM 

3& f »4>#tS<=fir*. MgcomSti. lxlO's-lxi 
O^/cm 3 . ffi L<ii5X 1 0 19 — 3 X 1 O 20 /cm 8 . 

=to*?4L-<{ii x i oz»/a£wg.x$>&. ugmm 

tfZ cv%mX'& hb&fttzv W&tfftt>tL£ < . Vf# 

[0055] tfz. ntilllinIn^7M4± 
lz. pllliMg K-7plGaNny?7 M9±(: 

*<t-€we«$<iTv^4. nmmRtfpmmcotfmbL 
ximizm^ti-r. ntit ut«w/a i . 

P«fik LTtiN i/Ausfirif*IHV^£i:*frS4. 
[0056] 

(CM) iO^r&atKl 

»rtftns<y b 7K*^c£t^%. a^coass- 1 o 

5 0°C£-C±#£-tf\ S«<7)iyy--y^fi : 3. 
[00 5 7] (A' 7 7rI2)8v^. fflS^SlOt 

£x*Tif. ^^VTOfmzJm. sMxcrvt-r 

tTMG ( hVX+ArtfWJ*) k$-fflV\ S«l±tC 
GaNj:'9 : 5r-S.^'-y7rii2^1 5 0AcolKffT« 

[0058] (7yK-/GaNl3) A 7 7rl2* 
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TMGW*iW>T. iSS^ 1 0 5 0°C£T-±#£ 
G. Tyt-7^MV\ 7yK-7GaN§3 2: 
[00 59] (nffl3>'*?hJl4)«^T1 0 5 0 , C 

t\ nt<ifl^tTMG > ryt-r^'x, 

tfXfcrS^ytfXfc-JBVK Si £4. 5xlO I8 /ctf 
H-^L/iGaN < i:'9 : &-?»nffiSr!>'^^bJl4 5:2. 2 

[0060] (nwmi^mmms) mz^^yaxn 

*2\lL#>. 1 0 5 0*Ct, TMG, Ty^-TtfXZm 
\,\ T~y K-7G a NJf £• 7 5 A0KJy*Cj£&$-tt\ & 
UTl^^fcTi^^^^iiaDbS i £4. 5X10 
i8/ cm 3 K-rLfcGa Nf £ 2 5 A^BWCjfcftS-lt 
Zcr,£ olzLX. 7 5A^7yK-7GaNlK 
&&AJIi;. S i H-7"GaNJf$:^-r*2 5AOB1 

LT2 5 0 0AJ¥iLT. j8tt^«Jttf5#»JH± "9** 
nfflf&l^SBUl 5 

[006 1] ( n{PJSfS2#SPJI6 ) |3]«<Da£ 

4 0Atft$^ <Xt=iME*8 0 0X:KUT, TMG. 
TM I . SiH 4 . T>-*:-T2:ffl^. S i £ 1 . 2 5 
nmol£gt&LT. Si n u ,Ga 0 .„NJ: 
9**m<OSfc«£N»M£2 0AjS*$-fr4. -£L 

om^mmz-t. mtmzG a nj: 9&&S12 oa-fts&j 

n Mm 2 #Jf SIS 6 5:1840 A<?5BWT*ft 5** . 
[00 623 (&14J17) T>-^*-TGaN,i:9 
&SI«ilJ■2200A^ll*T••&^l£^^:. «vvtffl*£ 
800T;tcLT. TMG, TMI, T^t— 7£ffl^T 
yK-TI n 0 .4Gao. 6 Nj:0=5r^#Fii$-3 0AcOJS 

m lx . mmm 1120 A<o£**^#F8ii£«t 9 srs 
[0063] ( pm&mm? ? -v k*s > sag 1 

0 5 0°CT'TMG. TMA, Ty*— 7\ Cp 2 Mg 

( v-? n^y^yX^V/^y^A ) £JBv\ Mg£ 

1 X 1 O^/ctf K-rLfcplA 1 u Ga,. 8 NJ: 0 
fc*S5 3oafttt¥a»|di«: 4 0 AOJBIJrc«$-tt, 
*»VvC*SJg£8 0 0*Ct::LT. TMG. TMI. TV*i 
—T. CpiMg^fflV^MgSrl x 1 0 2) /cm 3 K-rL 
tzl n 0 . 08 Gao.97NJ:')=ir4»4coafl5» i mW*E*S: 

2 5Atf>RJrCfifc*£-fr4. *LT£*U>tf>»f1s*ll«) 

igu *3+iS4^))ti?^s:tc5*-r-P«HiL. «afct 

»30fiMk«Mmi«t«*4 0 A<DlRJ?T'Jfcft$-l*:fclH« 
5A«0jWra«*$-fr4. 



[0064] ( plGaN3y^^ hJ§9 ) 1 0 

5 0*C-r% TMG. TV^-T. Cp 2 Mg£-j8^. M 
gSrlxi O^/cn^K-TLfcpllGaN.tO&Sp 

m^y?? hm9*7 o oAojwp-cfcfts-frft. 
[0065] eMSftTtt. awesrsai-cTtf , $ hlz 

mmwm%*. *7x.-^*Rsm&ftiz&^x. 700 
I). 

[0066] r-- 'j ^x-^fcRjessa^ 
jgftovx^Sr^jsu rie {Rmtt-i^y^-v^y 
Hitcscrj^cnw^v^h^^ffifcuffis* 

S. 

[0 06 7] X-yf-i^gL ftiSK&Spd^V-?? 
hJi<5D«5g'^:ffltM/¥2 0 0 A<7)N i i: A u Sr#triS3t 

i4<D P m«ii ot. %(7>pnmi owit^yf-f ^ 

ffl«0Au J: "5=5:Sp^>y K®E1 12:0. 5 ju mtfOJKff 
y^?M4(7)^B:(iWtA 1 £-&tf nlfl 2 2^ 

[0068] nbti&z&m^iz, imMfrb<7)?mv 

* (B&ft) tT-^jfift*«*jj3j:^4 5 0nin<0fc<0*« 
T4 4 0 n m^e-^ft^iOltt. i it J: 0 Sift 

ZnSrH-rtSIfct, ?*h)i-^*-tyxmv>^y 

y73i*>U*c-(7mb , Zixi: >)K£JtVitfcJE4> 

« 1 tf5aMkW*iWMiO I nSAJt** < L5<tt. 
i 0 ft**^&WR 9 itHM- - fc 3: 9 . In c7)Se B B Jt 

[0069] 

mtspWm. nWMcD'J?Zi:<ti>-Jjl,Z7*bfr**-t 

yxmzmi&ztT\ -^mtmza»hm^ti:we& 

(&&fcl>iits) <?8t%m : ¥-li s '&t>tL&. ite. nil 
[0®?)fS#3riaH)3] 

[mi ] hki ^mco-mmcommx'h sleds 

[ 0 2 ] H 2 ti . *5tWcO-mm<7)&BX'fo SLEDS 
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[H3] H3t±, 9&&tn l e Dm^comm^-r^ 

K 20, 101 • • 

2 . . . A' 7 7ri, 

3 • • • 7>-K-7GaNl, 

4 • • • niay^7 hJl, 
5 • ■ • ni^l^Ilf. 

6 • • • nw&2$>mmm (iii&m-m:?* wi^s* 



7. 22 • • • Sttfl, 

8 • • • pM?? '/ KB. 

9- • • Mg H — 7pMGaN3y?7 hJl. 

10. 26. 108- • • pWM. 

1 1, 25. 107 - • • nttffi. 

2 1. 10 2- ■ • nil 
2 3. 10 6- • • pit 

201. 2 02- • • &m&t>c?>?£t£ vsLmmtch) 



[01 ] 



[02] 



1 0 





[03] 




110 



— 103 

— 103 

— 103 



F^-A(##) 5F041 AA04 AA12 AA14 AA31 CA05 
CA10 CA34 CA35 CA40 CA53 
CA56 CA57 CA65 CA73 CA74 



